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Experimental Procedures
Methylcellulose hydrogel preparation. A commercially available Methocel® A4M (Sigma-Aldrich) white powder was used. The dispersion in water was done with the "hot/cold" technique. A 0.22µm filtered Dulbecco PBS (DPBS) buffer was heated to 80ºC and then the methylcellulose was added. The mixture was agitated until the particles were thoroughly wetted and in suspension. Afterwards, more DPBS was added to the solution to reach the desired concentration and the mixture was incubated at 4ºC overnight with continuous agitation. A 1.2% (1.2g in 100mL) solution was prepared as stock. After cell resuspension, the total percentage of methylcellulose was 1%.
Osteopontin sample preparation. 15 N-labelled Osteopontin samples were expressed and purified as previously reported [1] . Samples were concentrated to 1mM and the buffer was exchanged to DPBS adjusted to pH=7. The final concentration in the NMR tube was 0.1mM, corresponding to a 10% dilution of the hydrogel stock.
Mammalian cell culture. HEK293T cells were cultured in DMEM media (Gibco) supplemented with 10% fetal bovine serum (FBS) and 1% of Penicillin-Streptomycin with 5% CO2 at 37°C. For routine cell passage, trypsin was briefly added to detach the cells. For NMR experiments, 70-80% confluent cells in a T125 flask (Eppendorf) were detached with 4mL Versene solution (Thermo Fischer) that contains ethylenediaminetetraacetic acid (EDTA) to prevent membrane receptor degradation. EDTA was diluted by adding 9 ml of cold (4 °C) DMEM + 10% FBS. Afterwards, cells were pelleted by centrifugation (500g 5min) and resuspended in DPBS (pH=7). The number of cells and the viability was measured using trypan blue and an automatic cell counter TC-20 (BioRad).
For NMR experiments, a total number of 1-2.5·10 7 cells (>95% viability) were resuspended in 600µL of 1.1% hydrogel plus the protein. Extensive pipetting was necessary to resuspend the cell pellet and obtain an even distribution of cells in the hydrogel along the NMR tube. All experiments were repeated three times.
Flow cytometry and antibodies. Cellular phenotypic analysis was carried out by indirect immunofluorescence. For the membrane receptor analysis, cells were incubated in FACS buffer (DPBS+3% FBS) with a monoclonal antibody clone 6S6 against integrin β1 (Chemicon International, Cat.No. MAB2253Z) or CD44 rat IgG clone IM7 (BD Pharmigen Cat. No. 553131) both at 1:1000 dilution at 4ºC for 1h in the dark. The cells were then pelleted by centrifugation (500g 5min), and incubated with the appropriate secondary antibody conjugated with AlexaFluor-488 (1:500 dilution) at 4ºC for 1h in the dark. Finally, cells were pelleted by centrifugation, washed, and resuspended in 200µL of FACS buffer.
Immunostaining. Cells were grown on sterile poly-D-lysine-coated glass coverslips. Cells were fixed with 4% paraformaldehyde solution (15 min, RT). The cells were washed 3 times with PBS and blocked with 3% BSA. Cells were incubated with the monoclonal antibody clone 6S6 against integrin β1 (1:1000 dilution) at RT for 1h in the dark. The coverslips were washed three times with DPBS and incubated with the appropriate secondary antibody conjugated with AlexaFluor-488 (1:2000 dilution) at RT for 1h in the dark. Coverslips were mounted using EverBrite ® hard mounting media containing DAPI and imaged using a custom-built epifluorescence microscope (Zeiss Observer Z1) equipped with a PCO 1600 camera and a Plan-Apochromat 100x/1.46 oil immersion lens (Zeiss). VisiView Version 2.1.1 (Visitron Systems) software was used to control the microscope for acquisition.
Cell adhesion assay. The assay was performed as described by Jürets et al. [2] . Briefly, HEK293T cells were grown to 70-80% confluence. After harvesting in 10% FBS containing DMEM medium without phenol red, cells were labelled for 30 minutes at 37°C with 1.5 μM cell tracker green CMFDA (Molecular Probes, Eugene, OR, USA) and afterwards washed twice afterwards. Recombinant OPN (wt or R138A mutant) was immobilized on polystyrene 96 V-well microtiter plates (Greiner bio-one, Kremsmünster, Austria) in 50 μl coating buffer (20 mM Tris-HCl pH 9.4, 15 mM NaCl) for 1 h at 37°C. After blocking free binding sites, the plates were washed twice with 100 μl DPBS and 15,000 fluorescent labelled cells were added and incubated for 30 min at 37°C. Plates were centrifuged at 72 x g for 5 min and fluorescent cells in the nadir of the well were measured using an GENios plate Reader (TECAN, Männedorf, CH) at bottom reading mode, excitation 485nm and emission 535nm wavelengths. Adhesion was determined by comparing the signal from the OPN-coated wells with the signal of blocked uncoated wells defined as in Equation (1):
where MFI0 is the mean fluorescence intensity (arbitrary units) without any prior coated protein and MFIOPN at a given OPN concentration. Statistical analysis was performed using Two-way ANOVA and Bonferroni multiple comparison test.
NMR spectroscopy. NMR experiments were recorded in on a 18.8 T Bruker Avance III HD+ spectrometer operating at 800 MHz at 293K. The 15 N-T1 relaxation delays were 0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64 and 1.28 s. The 15 N-T2 relaxation delays were 0, 0.017, 0.034, 0.068, 0.136, 0.271, 0.407 and 0.543 s. Due to the low protein concentrations, the SNR was not optimal (note large errors in Figure S6 ), but the relaxation profiles match those previously reported for the protein. For the STD 1 H-15 N HSQC, an irradiating pulse was set for 1s and 80mW power at -5 and -50ppm for the on-and off-resonance experiments, respectively. Time-domain points were 2048 ( 1 H) and 420 ( 15 N) with 8 scans per increment. Each STD experiment required 90minutes approximately. Data was processed with nmrPipe [3] and analysed with Sparky [4] . STD quantification was normalized by intensities in a experiment without the saturation pulse and the compared conditions (a and b. For example, cells vs. MeCe) (Eq. 2) (Eq. 2)
Results and Discussion
Figure S1. Viability assay by flow cytometry of cells sedimented in buffer (orange) and sparsely distributed in the MeCe hydrogel (blue). All cells were stained with propidium iodide. At 4ºC and 20ºC, cells were alive for longer period of time in the hydrogel compared to the buffer condition. Although the same trend was observed at 37ºC, the accelerated metabolism and the lack of nutrients in the DPBS buffer lead to a pronounced cell death after 2 hours in both conditions. Thus, for all the NMR measurement the temperature was kept constant at 20ºC. Figure S2 . Phase contrast bright-field images of 3D cultures formed after 24h in the MeCe hydrogel supplemented with optiMEM media. Cells were incubated at 37ºC for 24h. Cells grew in the matrix until the nutrients became depleted. However, optiMEM media has a complex formulation that impeded the acquisition of good NMR spectra. Possible alternatives may involve the use of 13 C-detected NMR experiments to reduce the contributions of deleterious solvent exchange processes [5, 6] . Figure S4 . (A) 1 H-15 N HSQC of the protein in the PBS buffer (black) or in the MeCe hydrogel (red). No chemical shifts were observed. (B) R1·R2 analysis [7, 8] of the same conditions above mentioned (buffer (blue) and MeCe (red)) to discern between non-specific binding events and viscosity. Both relaxation rates ratios (R2/R1) (upper) and products (R1·R2) (lower) were very similar in both conditions, indicating no viscosity effects generated by the presence of the hydrogel. MeCe STD is shown in black; STD with the HEK293T cells in the hydrogel is shown in red; and green circles represent the residues that show higher STD when cells were present in the repeated experiments. Note that most of them are located in the central compact state or in the proximity of the RGD motif. R132 showed a non-reproducible behavious and is indicated in orange. Different numbers indicated different experimental repetitions for reproducibility assessment. An increased number of points in the indirect dimension ( 15 N) were acquired for experiment 2 and 3 to improve the resolution in the two-dimensional experiment. (B) STD 1 H-15 N HSQC of a fully deuterated OPN sample to reduce the contributions of spin-diffusion effects. Again, MeCe STD is shown in black and STD with the HEK293T cells in the hydrogel are shown in red. Note the absence of STD signals in presence of MeCe but the how several STD are observed when cells were added, indicating that the main contribution to the observed saturation transfers is the presence of cells in the sample. 
